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I. 
INTRODUCTION. 
It  has  been  shown  in  a series  of  papers by Loeb  I  that  the  physical, 
chemical,  and  so-called  colloidal  properties  of  solutions  of  the  proteins, 
gelatin,  egg albumin, and casein,  can be simply explained  by two 
general  principles. The first  of  these  is  that  proteins  are  amphoteric 
electrolytes,  reacting  stoichiometrically  with  acids  and  bases to form 
salts  capable of electrolytic  dissociation;  the second is the principle 
of  Donnan's membrane equilibrium,  2  which is  set  up when two solu- 
tions  are  separated  by a membrane impermeable  to  one  ion  of  one  of 
the  solutions. 
The present investigation was undertaken with the object of finding 
out whether these laws would explain the behavior of solutions  of a 
protein of a different class; namely, a globulin.  The globulin selected 
for the purpose was edestin; and it was found that its solutions obeyed 
the  same laws which  had  been  shown  to  apply in  the  case of  the 
other  proteins. 
The edesfin used in these experiments was prepared from ground 
hemp-seed by the method of Osborne,  s,~ with slight modifications.  The 
hemp-seed meal was extracted  three times with  10 per cent sodium 
chloride  solution  at  60°C.,  without  previously  extracting  the  oil. 
The edestin was precipitated by dilution and recrystallized once from 
sodium chloride solution according to Osborne.  The substance was 
1  Loeb, J., Proteins and the theory of colloidal behavior, New York and London, 
1922; J. Gen. Physiol., 1918-22, i-iv. 
*  Donnan, F. G., Z. Elektrochem., 1911, xvii, 572. 
*  Osborne, T. B., J. Am. Chem. Sot., 1902, xxiv, 28, 39. 
4  Osborne, T. B., Abderkalden's Handb. d. biochem. Arbeitsmethoden, 1910, ii, 289. 
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freed from sodium chloride by washing repeatedly with 50 per cent 
alcohol, and was partly dried by washing with absolute alcohol and 
then with ether, which left it with a moisture content of 10.1 per cent 
as determined by heating to constant weight at 110°C.  The dry pow- 
der was found to contain 18.4 per cent of nitrogen, as determined by a 
micro-Kjeldahl method accurate to about I per cent, whereas Osborne  3 
reported  18.69  per  cent  of  nitrogen.  Under  the  microscope  the 
preparation appeared to have the form of fragmertCs of crystals. 
The isoelectric point of edestin was given by Rona and Michaelis ~ 
as at  a hydrogen ion concentration  of 1.3  ×  10  -7  (pH 6.89).  This 
was the point of maximum  precipitation obtained by using a  series 
of phosphate  buffers3  Attempts  were made  to  determine  the  iso- 
electric point of the present preparation by similar  methods,  but the 
point of maximum precipitation seemed to vary with the buffer used. 
Most  of  the  values  obtained,  however,  lay  between pH  5  and  6. 
Measurements  of the  osmotic pressure  developed in  collodion  bags 
by suspensions  of  edestin  in  various  concentrations  of very  dilute 
sodium hydroxide indicated a minimum between pH 5 and  6.  Elec- 
trophoresis experiments with suspensions of this edestin were made by 
Dr. John H. Northrop of this laboratory, who also obtained different 
results  with  different  buffers~  which  indicated,  however,  that  the 
isoelectric point appeared  to lie between pH. 5.5  and 6.0.  The pH 
of  suspensions of this  edestin in distilled  water was found to be 5.0. 
Titration  of Edestln  with  Adds  and  Bases. 
Titration  curves  of  solutions  of  edestin  in  acids  and  bases were 
obtained  in  the  region  where 0.45  gm.  could be  almost  completely 
dissolved in 100 cc.; i.e., below pH 5.0 and above pH 9.0.  Solutions 
were prepared  containing  different quantities of acid or alkali but of 
the same concentration with respect to edestin, and the pH values were 
5Rona, P., and Michaelis, L., Biochem. Z., 1910, xxviii, 193. The edestin used by 
Rona and Michaelis was apparently a different substance from the present prepa- 
ration,  since they stated  that  only a  small fraction  of 1 per cent was soluble in 
0.1 N HsPO,, while the edestin used in this investigation was completely soluble to 
the extent of 1 per cent or more in 0.1 N H3PO,. 
6See also Michaelis, L., and Mendelssohn, A., Biockem. Z., 1914, lxv, 1.  Using 
acetate buffers they obtained a  value  of 2.5 X 10  -6 (pH 5.60) for the  isoelectric 
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ascertained by means of the hydrogen electrode, using a  salt bridge 
of saturated  potassium chloride and  a  saturated  potassium  chloride 
calomel cell.  The measurements were made at 33  °  4- 0.5  °, and were 
referred to 0.1 M HC1 as a standard, its pH being taken as 1.036. 
The titration curve obtained with 0.45 per cent solutions of edestin 
in phosphoric acid is given in Fig. 1, Curve I.  As a means of determin- 
ing how much of the acid was combined with the edestin,  Curve II 
was obtained  by measuring  the pH  of mixtures  of phosphoric  acid 
and water alone.  Curve III, which gives the amount of phosphoric 
acid  apparently  combined  with  the  edestin,  was  obtained  by sub- 
tracting  the ordinates of Curve II from those of Curve I  at corres- 
ponding pH values.  Since phosphoric acid was known to be a weak 
acid, it was suspected that some of the acid indicated by Curve III 
to be combined with the edestin might really be present as un-ionized 
molecules, due to the common ion effect of the ionized edestin phos- 
phate.  Accordingly  a  calculation  was made  of the  first ionization 
constant  of phosphoric  acid  at  33  ° ,  from  the data  used in plotting 
Curve II.  The results are as follows: 
pH 
2.72 
2.47 
2.29 
2.18 
1.93 
[H  +] [HzPO~] 
IHsPO*I 
0.OlOl 
O.OLOO 
0.0094 
0.0092 
0.0096 
These values maybe compared with that found by Abbott and Bray 
at 18  °, 0.011. 7  Their constancy indicates that over this range of pH 
the acid is really monobasic.  Accordingly this ionization  constant, 
roughly 0.01, was used to calculate the amount of edestin phosphate 
actually present, assuming complete ionization of this salt.  This was 
done as  follows: 
Let c =  total concentration of l-IaPO, (ionized, un-ionized,  and  present  as 
edestin phosphate), 
x---concentration  of  H2PO, from edestin  phosphate  (assumed to be 
completely ionized), 
h =  concentration of H + = concentration of H2PO4 from HsPO~, 
k = primary ionization constant of H3PO,, 
7  Abbott,  G. A., and Bray, W. C. J. Am.  Chem. Soc.,  1909, xxxt, 760. 0 
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Then 
k  =  [~] [ri,Poj]  =  h  (h +  =) 
[HsPO,]  c -- k -- x 
kc  x'~+k-h 
The values of x  obtained in this  way,  expressed in  cc.  of 0.1  N 
HaPO,  per  100  cc.,  are plotted in  Curve IV,  which  indicates  the 
amount of HsPO4 really combined with the edestin.  It was found 
that above pH 3.4 the values so calculated did not differ much from 
those plotted in Curve III,  although it is not strictly justifiable to 
consider HsPO,  as a  monobasic acid in this range of pH,  since the 
values obtained for k were not constant above pH 3. 
Curves  representing  the  amounts  of  hydrochloric,  sulfuric,  and 
oxalic acids combined with 0.45 gm. of edestin in 100 cc. are given in 
Fig. 2, along with the curve for H3PO4 as given in Fig. 1, Curve IV. 
In the case of these stronger acids the amount combined was obtained 
in the same way as Curve III, Fig. 1, by subtracting the ordinates of 
the acid-water curve from those of the acid-edestin curve.  The curves 
for HC1  and H~SO~ are nearly identical, indicating that each com- 
bines in  equivalent proportions with edestin; i.e.,  H2SO4  acts  as a 
dibasic acid.  The curve for H~C20,  above pH 4  is identical with 
with that for H2S04,  indicating that here oxalic acid is also dibasic. 
The  curves soon  diverge,  however,  and  at  the maximum that  for 
oxalic acid is almost exactly twice as high as that for hydrochloric, 
indicating that here oxalic acid combines not in  equivalent but in 
molecular proportions; i.e., it is here a monobasic acid.  The curve for 
HsPO, seems to reach a maximum at a height a little over three times 
that of the curve for HC1 and H2SO4, indicating that H3PO4 is com- 
bined with the edestin in molecular, not in equivalent proportions, 
or that HsPO, combines with edestin as a monobasic acid. 
In order to show how closely these proportions hold, and in what 
range of pH, the curves of Fig. 2 were plotted on a large scale and the 
values given in Table I  were read off. 
The values in Table I show that the ratios are most nearly as 1: 2: 3 
in the region where the curves become horizontal, indicating that the 
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FIG. 2.  Amounts of 0.1 N acid combined with 0.45 gm. edestin in I00 cc.  Values 
for HC1, HsSO4, and H2Ct0, obtained by difference between titration  curves with 
and without protein.  Values for H=P0~ obtained by calculation, as in Fig. 1, IV. 
Ratios of Amounts 
TABLE  I. 
of Different Acids Combined with Edes~n at Corresponding pH 
Values. 
pH 
2.1 
2.4 
2.7 
3.0 
3.3 
3.6 
3.9 
4.2 
4.5 
HCI  H~SO~ 
¢C.  de. 
5.6  5.8 
5.3  5.6 
5.05  5.2 
4.3  4.4 
3.35  3.6 
2.3  2.8 
1.5  2.05 
0.95  1.35 
0.6  0.75 
H,C20( 
¢$, 
10.8 
I0.8 
9.15 
7.2 
5.35 
3.5 
2.1 
1.3 
0.85 
HePO4 
17.8 
I7.0 
15.4 
13.0 
10.1 
6.95 
4.2 
2.1 
0.8 
i _  H,SOI 
Ratio 
1.0 
1.1 
1.0 
1.0 
1.1 
1.2 
1.3 
1.4 
1.3 
H~CsO~ 
1.9 
2.0 
1.8 
1.7 
1.6 
1.5 
1.4 
1.4 
1.4 
R  I~POj 
atio  HC1 
3.2 
3.2 
3.0 
3.0 
3.0 
3.0 
2.8 
2.2 
1.3 
Attempts  were made to carry these curves farther into the region  of 
lower pH,  but  since  they  are  obtained  from differences  between  the 
ordinates  of steep  curves like  I  and II in Fig. 1, the errors become too DAVID I.  HITCHCOCK  603 
great,  as  the  experimental  error in  the pH  determination  is  about 
4-  0.02  pH. 
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FIG. 3.  Titration curve of 0.45 per cent edestin with 0.1 N NaOH and Ba(OH)n. 
Fig.  3  represents  the  titration  of  0.4S  per  cent  edestin  solutions 
with 0.1 ~  NaOH and Ba(OH)~.  The curve is the original titration 
curve, and does not represent the amount of alkali combined with the 
edestin.  However,  since the points fall on one curve, it seems fairly 604  COLLOIDAL  BEHAVIOR  OF EDESTIN 
evident that the edestin must be combined with these strong alkalies 
in  chemically equivalent proportions. 
It should be pointed out that these titration experiments with edes- 
tin and acids or bases are completely analogous to those previously 
obtained by Loeb  1  with gelatin, casein, and egg albumin, and that they 
are in complete agreement with the idea that proteins are ampho- 
teric  electrolytes,  reacting  chemically and  stoichiometrically with 
acids and bases. 
IIL 
Membrane  Potentials. 
Loeb  s,9,1° showed that when a solution of gelatin or egg albumin in 
dilute acid was separated by a collodion membrane from an aqueous 
solution  of  the  same  acid,  containing no  protein,  a  difference in 
electrical potential  existed between the  two  solutions.  Moreover, 
he found it possible to calculate the magnitude of the potential differ- 
ence with considerable accuracy from the hydrogen ion concentrations 
of the two solutions, on the basis of Donnan's theory,  ~ according to 
which,  for 25°C., 
P.D. =  59 Iog-XX  millivolts  (1) 
Y 
where x represents the hydrogen concentration of the outside solution 
and y that of the inside solution.  He showed also that the presence 
of increasing concentrations of a neutral salt decreased the P.D., the 
decrease being dependent on the  concentration and valence of the 
anion. 
Experiments were carried out to determine whether similar results 
could be obtained with edestin.  Solutions were prepared containing 
0.45  gm. of edestin in  100  cc. of HC1 of concentration sufficient to 
give a  pH  of 3,  and containing varying concentrations of Na2SO4, 
NaC1,  CaC12, or LaC18.  These were placed in 50 cc. collodion bags 
fitted with rubber stoppers and manometer tubes, and the bags were 
suspended in beakers of HCI of pH 3, which had been made up to 
, Loeb, J., J. Gen. Physiol., 1920-21, iii, 557. 
9 Loeb, J., J. Gen. Pkvsiol., 1920-21, iii, 667. 
1o Loeb, J., J. Gen. Physiol., 1921-22, iv, 351. DAVID  I.  HITCHCOCK  605 
have  the  same  salt  concentration  as  the  protein  solutions.  The 
beakers were set in a  water thermostat at 25  °  4- I°C.  After equilib- 
rium  had  been  established  (12  to 48  hours),  the  osmotic pressure 
was measured in terms of millimeters of the solution in the manometer 
tubes.  The P,D. between the inside and outside solutions was deter- 
mined in each case with the aid of saturated KC1 calomel electrodes 
and  a  Compton  electrometer.  The  P.D. measurements  were made 
in a  room at about 20°C., but the solutions were very nearly at 25  °, 
since the P. D. was determined for each solution within 2 or 3 minutes 
after  removing  it  from  the  thermostat  at  25  °.  Finally  the  pH  of 
the inside and outside solutions, at 33  ° , was determined with the hydro- 
gen electrode and potentiometer.  The  calculated P. D.  values were 
reduced  to  25  °  by multiplying  by ~298 the  differences  between the 
E.M.F.  readings  obtained  for  the  two  solutions  with  the  hydrogen 
electrode.  (This  amounts to the same thing  as using equation  (1), 
but avoids slight  arithmetical  errors  due to rounding  off the values 
for pH.)  The P.D. values were read to 0.5 millivolts, but the repro- 
ducibility was of the order of 1 millivolt. 
The results of experiments with 0.45 per cent edestin chloride,  at 
pH 3, and the four salts mentioned, are given in Tables II to V. 
The excellent agreement of the observed and calculated values for the 
P.D. in these salt experiments proves that  the  Donnan  equilibrium 
governs the effect of salt on the P.D. of edestin chloride solutions fully 
as  well  as  in  the  case  of  gelatin  or  albumin  chloride.  Tables  II 
and III show that here too it is the anion of the salt which has the 
depressing effect on the P.D., the sulfate ion being more effective than 
the chloride ion.  An increase in the concentration  of an ion of op- 
posite charge to that of the protein ion tends to prevent the forcing 
of acid from the inside to the outside solution, and hence decreases 
the difference in pH and the resulting P.D.  This may also be shown 
clearly from the results with the different  chlorides by plotting  the 
P.D. against the equivalent concentration of chloride ion furnished by 
the  salt,  assuming  complete  or  equal  ionization  of  the  inorganic 
chlorides.  The  results in Tables III,  IV,  and V  are  so  plotted  in 
Fig.  4.  It is evident that the effects of NaC1,  CaCI2,  and LaC18 are 
identical,  if  compared  at  the  same  concentration  of  chloride  ion. 
This proves beyond a doubt that the valence or nature of the cation is 
of  no influence on the P.D. of edestin chloride. 606  COLLOIDAL  BEHAVIOR  OF EDESTIN 
TABLE  II. 
Effect of Sodium Sulfate on the p.n. and Osmotic Pressure of 0.45 Per Cent Edeslln 
Chloride at pH 3. 
Concentration of NaffiSO~. 
,H inside. 
,H outside  ..... 
)bserved P.D., milli~olts. 
,~alculated P.D., m.gli~olts 
)bserved  osmotic  pres- 
i~  2.93 
o  2.92 
~.  0.5 
o 
N  6 
2.86  2.83 
2.83  2.78 
2.0  4.0 
1.5  3.5 
10  24 
2.88  2.90 
2.77  2.74 
4.5  9.5 
7.0  9.5 
48  71 
2.93  2.97 
2.72  2.70 
13.5  16.0 
12.5  15.5 
106  144 
2.99 
2.69 
17.0 
17.0 
172 
o 
3.0 
2.0 
19.0 
18.0 
2O4 
TABLE  III. 
Effect of Sodium Chloride on the v.m and Osmotic Pressure of 0.45 Per Cent Edestin 
Chloride at ptl 3. 
Concentration  of NaC1. 
I ,H inside.  2.79 
I ,H outside .....  2.79 
)bservcd v.v., milllvolts.  0 
,~alculated v.v., millivolts  0 
)bserved  osmotic  pres- 
sure, ram..  8 
2.78 
2.77 
0.5 
1.0 
17 
2.79 
2.77! 
1.0 
1.0 
27 
2.77 
2.74 
2.0 
2.0 
34 
2.84  2.84 
2.77  2.74 
3.0  6.5 
4.0  6.0 
41  56 
o 
2.89  2.89  2.95  3.0( 
2.75  2.70  2.72  2.7( 
8.0  10.5  14.0  17.5 
8.0  10.5  13.5  17.5 
88  124  152  201 
TABLE  IV. 
Effect of  Calcium  Chloride  on the  v.rr. and Osmotic  Pressure of 0.45  Per  Cent 
Edestin Chloride at pH 3. 
Concentration of CaCh. 
Itt inside  ....... 
t tI outside  .... 
~bserved  P.D., millivolts. 
~alculated  P.D., millivolt~ 
)bserved  osmotic  pres- 
sure, ram.. 
2.82  2.80 
2.82  2.78 
0  0.5 
0  1.0 
19  26 
2.8C  2.88 
2.78  2.78 
1.5  3.0 
1.0  6.0 
34  42 
2.82  2.87 
2.75  2.75 
5.0  8.0 
4.0  7.0 
55  83 
2.92 
2.72 
11.0 
11.5 
121 
o. 
2.95  2.98 
2.70  2.72 
14.0  I5.5 
14.5  I5.5 
151  177 
o 
3.0~ 
2.7( 
15.5 
18.5 
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TABLE  V. 
Effect of Lanthanum Chloride  on the P.D. and Osmotic Pressure of 0.45 Per Cent 
Edest~ Chloride at pH 3. 
Concentration  of LaCh. 
I H  inside.. 
t H outside... 
~bserved  P.v., millivolts.. 
~alculated  P.D., millivolts. 
)bserved  osmotic  pres- 
sure~  YBfP/ ............... 
•  ~  eo 
2.79  2.7g 
2.78  2.7~ 
0  0.5 
0.5  0.5 
20  26 
2.80 
2.77 
1.5 
2.0 
2.79  2.80 
2.75  2.74 
3.5  4.5 
2.5  4.0 
41  54 
2.85  2.81  2.95 
2.74  2.7C  2.70 
6.5  10.5  13.5 
7.0  10.0  14.5 
2.98 
2.7C 
15.5 
16.5 
3.0( 
2.6~ 
18.5 
18.5 
33  82  117  154  180  199 
TABLE  VI~ 
Effect of #H on v.D. and Osmotic Pressure of 1 Per Cent Edestin Chloride. 
 ide  .....................  1.47  2.0,1  2.591 3.0,1  3."1  3.911 4.381 4.781 5.0  
pH outside ....................  1.43[  1.91[  2.32  2.61  2.90[  3.231  3.611  3.91[  4.15 
Observed I'.D.,  milllvol,s  ......... ]5.0]  7.5  [14.0  [23.0 ]29.0 ]39.0 ]42.5  ]37.0  [32.5 
Calculated v.~.,  mativoUs .......  2.O  8.O [16.0 26.0  ]32.0  [40.0  [46.0  52.0  56.0 
Observed osmotic pressure, ram..  94  239  415  535  [526  [501  [390  270  200 
TABLE  VII. 
Effect of #H On P.D. aff~ Osmotic Pressure  of 1 Per Cent Edestin Chloride in u [51g 
Sodium Chloride. 
pHinside .....................  1.47]  2.02]  2.51]  2.92  3.30]  3.69  4.20  4.73]  5.09 
pH outside ....................  1.43]  1.901  2.291  2.621  2.98 t 3.381  3.941  4.481  4.81 
Observed P. D., milli¢olts  ........ 12.0]  7.5  ]12.5  ]17.0  ]18.0  ]16.5  [12.5  I 8.0  I 4.5 
Calculated P. v., millivolts  ....... 2.0  7.5  ]12.5  17.5  [18.5  118.5  [15.5  [14.5  [16.5 
Observed osmotic pressure, ram..  82  191  328  383  331  246  134  65  [ 28 
TABLE  VIII. 
Effect of pH on P.D.  and Osmotic Pressure  of 1 Per Cent Edestin Acetate in ~ I100 
Sodium Acetate. 
pit inside ......................  3.25  3.45  3.57 3.7413.94 4.10 4.21 4.3914.51 4.67 
pH butside ....................  'l  3.12[  3.35{  3.4813.64[3.8614.04t4.1514.3414.4614.62 
Observed P.v., millivolts  .........  1 6.5  ] 6.0  J 5.5  15.0  14.5  ]4.5  }3.5  ]3.0  ]2.5  12.5 
Calculated  v.~.,  mitlivolts  ........  7.5  6.0[5.5  6.5  [4.5  [3.5  3.5  3.0  3.0  2.5 
Observed osmotic pressure, ram...  139  1114  102  88 I 71  ] 62  ]56  49  44  38 18 
COLLOIDAL BEHAVIOR  OF EDESTIN 
The effect of the hydrogen ion concentration on the P.D. Was deter- 
mined by using 1 per cent solutions of edestin in varying concentrations 
of HC1 without the addition of salt.  The results of such an experi- 
ment are given in Table VI and Fig.  5. 
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Fro. 4.  Effect of different chlorides on P~. observed with 0.45  per cent edesfin 
chloride at pH 3. 
It will be noticed that the observed and calculated values for P.D. 
agree fairly well up to pH 4.0.  The results therefore show that Don- 
nan's  theory  does  apply  quantitatively  to  edestin  chloride  solutions 
between pH  1.5 and 4.0. DAVID  I. HITCHCOCK  609 
Since it had been noticed that the agreement between observed and 
calculated  P.D. was better  when  the  solution  had  a  higher  concen, 
tration of electrolyte, the experiment of Table VI was repeated with 
all solutions M/512 with respect to NaC1.  The  results are given in 
Table  VII. 
The agreement with the theory is excellent up to pH 3, but  again 
becomes poor  above  pH  4.  In  comparing  Tables  VI  and  VII  it 
may be observed that the presence of ~/512 NaC1 had more effect in 
decreasing the P.9. of those solutions which contained less HC1.  This 
50 
40 
d  zo 
10 
0 
pHl.O  1.5  2.0  z5  3.0  a.~  4.0  4~  5.0 
FIG. 5. Effect of pH  on P.D. observed  and  calculated for I per cent edestin 
chloride. 
is in line with the experiments already described on the effect of salt 
concentration on the P.D., indicating that the depression of the P.D. is 
due  to  the  anion. 
In order to obviate any error in the calculated P.D. which might be 
due to difficulty in determining accurately the pH of the very dilute 
acid in some of the outside solutions, an experiment was run in which 
both inside and outside solutions were buffered by M/100 sodium ace- 
tate  and  different  concentrations  of  acetic  acid.  The  results  are 
given in Table VIII and Fig. 6. 610  COLLOIDAL  BEHAVIOR  OF EDESTIN 
It will be observed that the agreement between the observed and 
calculated values for the P.D. is within the experimental error, and 
that the experiment includes that range of pH where the values did 
not agree well in the case of the solutions without buffer.  The curve 
in Fig. 6 is of a different shape from that in Fig. 5 because the depress- 
ing action of the anion of the salt has more effect in the less acid solu- 
tions, since the concentration of the anion furnished by the acid is 
originally less in such solutions.  The existence of a difference in pH 
in such buffered solutions and the agreement between the observed 
.  fv ~|Jl,  !&a,.,~  Ell"% 
114  2  : '~-"  l 
0  '  !  II 
pH a2  3.4  3.6  3.8  4.0  4.2  4.4  4.6  4.8 
FIG. 6. Effect of pH on P. D. observed and calculated for 1 per cent edestin 
acetate in M/100 sodium acetate. 
,,,...¢ 
and calculated values for the P.D. constitute a  striking proof of the 
validity  of  Donnan's  theory.  This  experiment,  therefore,  supple- 
ments the results in TaMes VI  and  VII  by proving that  Donnan's 
theory applies to solutions of edestin in acid in the region near the 
isoelectric point as well as in more acid solutions. 
A further consequence of Donnan's theory, as applied by Loeb to 
amphoteric colloids, is that the pH inside should become less than the 
pH outside on the alkaline side of the isoelectric point of the protein; 
i.e., the 1,.I). should be opposite in sign to that found on the acid side. 
This was tested by working with solutions of edestin in NaOH.  It DAVID  I.  HITCHCOCK  611 
was found that the solubility of edestin in acid or alkali was less than 
0.45 gm. in 100 cc. for a broad zone around the isoelectric point, from 
about pH 5 to pH 9.  Table IX gives the results of a few measure- 
ments that were made with 0.45 per cent sodium edestinate in sodium 
hydroxide.  Both inside and outside solutions were protected from 
the CO2 of the air by soda-lime tubes. 
These results show that the prediction of the theory was confirmed, 
for the pH outside is now greater than the pH inside, and the sign of 
both observed and calculated P.D. is opposite to that obtained with 
the acid solutions.  Moreover, the agreement between observed and 
calculated I'.D. is close enough to show that the Donnan theory applies 
quantitatively on the alkaline side of the isoelectrlc point of edestin. 
TABLE  IX. 
P.D. and Osraotie Pressure of 0.45 Per Cent Sodium Edestinate. 
pH  inside  ......................................... 
pH outside ........................................ 
Observed  P.D.,  milli~olt~ ............................ 
Calculated  X,.D., m~livol~ ............................ 
Observed osmotic  pressure, ~  ...................... 
9.93 
10.12 
--9.5 
--I1.0 
28 
10.41 
10.55 
--8.5 
--8.0 
37 
10.96 
11.05 
--6.0 
-6.0 
45 
IV. 
Osmotic  Pressure. 
The similarity between the depressing effect of salt on the osmotic 
pressure and on the P.D. in the case.of gelatin chloride has been pointed 
out by Loeb.'  That the same resemblance exists in the case of edestin 
chloride is shown by the results in Tables II to V, and by a comparison 
of Fig. 7 with Fig. 4.  Since the abscissae in Fig. 7 represent equivalent 
concentrations of salt with respect to chloride ion, and the points ob- 
tained with the three chlorides all fall on the same curve, it is evident 
that  it is  again only the anion  that is  effective in  depressing the 
osmotic pressure of a solution in which the protein ion is positive.  The 
nature or valence of the cation seems to have no effect.  These re- 
sults are in contradiction to the theory that the effect of a salt on such 
colloidal properties of protein solutions is due to the adsorption of 
both ions of the salt, but are in complete accord with the results of 612  COLLOIDAL  BEHAVIOR  OF  EDESTIN 
Loeb on gelatin.  The true explanation of the effect  of salts on these 
properties  of protein  solutions is found in Donnan's  theory of mem- 
brane  equilibrium. 
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FIG. 7.  Effect  of different  chlorides  on osmotic pressure  observed  with  0.45 
per cent edestin chloride at pH 3. 
In studying the effect of hydrogen ion concentration on the osmotic 
pressure  of  gelatin  chloride,  Loeb 9 found  that  the  curves  obtained 
were of the same general shape as the P.D. curves,  but that the maxi- 
mum  for  osmotic  pressure  was  at  a  slightly  lower  pH.  He  later I0 DAVID  I.  ]IITCIICOCK  613 
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FIG. 8.  Effect of pH on observed and calculated osmotic pressure of 0.45  per 
cent edesfin chloride. 614  COLLOIDAL  BEHAVIOR  OF  EDESTIN 
showed that the same was true for the chloride of egg albumin.  On 
the basis of Donnan's theory he devised a method  u of calculating the 
osmotic pressure of a  protein-acid salt  solution from measurements 
of the hydrogen ion concentration.  The calculation, which neglects 
the unknown osmotic pressure of the protein itself, gives the following 
expression for the osmotic pressure in the case of a protein-acid salt 
with  univalent anion: 
Osmotic pressure at 24°C. -- 2.5 X  l0  s  (2y +  z -- 2x)  ram. of water. 
Here y is the hydrogen ion concentration of the inside solution, x that 
of the outside solution,  and z the concentration of anion from the 
protein-acid salt, all being expressed in moles per liter.  Since accord- 
ing to Donnan's theory 
~=y (y+s) 
the expression for osmotic pressure reduces to 
2.s x  to' x  (~' -  y)------~ 
y 
In applying this calculation to gelatin chloride, Loeb found that the 
curves representing osmotic pressure as a function of pH were of the 
same general shape and height as the observed curves, but had maxima 
at  a  lower pH.  A  calculation made from his  results  on  albumin 
chloride  I° yielded similar results. 
Fig. 8 represents the effect of pH on the observed and calculated 
osmotic pressure of a 0.45  per cent solution of edestin chloride.  The 
curve for observed osmotic pressure has a maximum at a lower pH than 
that for observed P.O. shown in Fig. 5, while the curve for calculated 
osmotic  pressure  has  a  maximum  at  a  still  lower  pH.  Thus  the 
behavior of edestin .in these respects exhibits the same peculiarities 
which Loeb observed with gelatin and egg albumin. 
SUMMARY. 
1.  It  has been shown by titration  experiments that  the globulin 
edestin  behaves  like  an  amphoteric  electrolyte,  reacting  stoichio- 
metrically with acids and bases. 
u Loeb, 3, J. Gen. Physiol., 1920-21, iii, 691. DAVID  I.  HITCHCOCK  615 
2.  The potential difference developed between a solution of edestin 
chloride or acetate separated by a collodion membrane from an acid 
solution free from protein was found to be influenced by salt con- 
centration and hydrogen ion concentration in the way predicted by 
Donnan's  theory of membrane equilibrium. 
3. The  osmotic pressure  of  such  edestin-acid salt  solutions was 
found to be influenced by salt concentration and by hydrogen ion 
concentration in the same way as is the potential difference. 
4.  The colloidal behavior of edestin is thus  completely analogous 
to that observed by Loeb with gelatin, casein, and egg albumin, and 
may be explained by Loeb's theory of colloidal behavior, which is 
based on the idea that proteins react stoichiometricaUy as ampho- 
teric electrolytes and on Donnan's theory of membrane equilibrium. 
The writer wishes to acknowledge his indebtedness to Dr. Jacques 
Loeb, at whose suggestion and under whose direction this work was 
done, and to Dr. John H. Northrop, whose advice has been of great 
assistance. 